he culture of micro-organisms from blood is an essential laboratory test for the diagnosis of bacteraemia. Early positive results provide valuable diagnostic information on which appropriate antimicrobial therapy can be initiated. Like any tests, however, false-positive blood culture results can limit the utility of this important tool. These false-positive results arise due to contamination. Reports from NHS trusts and equipment suppliers suggest these contamination rates could be as high as 10 % ( Department of Health (DH), 2007) . A variety of strategies have been investigated and employed to decrease contamination rates. This article describes the utility of a variety of approaches to reduce the number of false-positive percutaneous blood cultures specifi cally in the adult population. Abstract T VOL. 10 SUPPLEMENT 1 SEPTEMBER 2009 Journal of Infection Prevention s25 Peer reviewed paper
Introduction
Blood culture is the most important microbiological test in the diagnosis of serious infections. Contamination with non-signifi cant skin fl ora organisms, however, occurs in up to 10 % of blood cultures taken and is associated with substantial healthcare costs ( Souvenir et al, 1998 ) . Positive blood cultures, regardless of the source of the infection, require clinicians to act quickly. While a positive blood culture should always be considered signifi cant until proven otherwise, some positive cultures will be due to contamination especially if adequate skin preparation is not employed. Doctors must therefore decide if the culture results are consistent with the patient's condition and clinical symptoms or if the results refl ect possible contamination. False-positive blood cultures arise due to contamination that occurs when organisms that are not actually present in a blood sample are grown in culture. Preventing blood culture contamination is important in order to reduce undesirable clinical outcomes including the inappropriate use of antibiotics, additional laboratory testing and associated costs such as longer and more costly hospital stays, laboratory and pharmacy expenditure. As well as increasing costs, inappropriate use of antibiotics can potentiate the emergence of multi-resistant organisms and increase the risk of Clostridium diffi cile infection ( Qamruddin et al, 2008 ) .
The tracking and reporting of nosocomial infections and monitoring of bloodstream infection rates are both essential infection control activities and these depend heavily on the accurate differentiation of contamination from true bacteraemia ( Hall and Lyman, 2006 ) .
Detection of contaminated blood cultures
Clinical studies of bloodstream infections over the years have led to the proposal of various clinical and laboratory tools designed to aid in differentiating pathogens from contaminants. Examples of these include the identity of the micro-organism, the number of positive culture sets when multiple culture sets are taken, the time it takes for growth to be detected, and clinical symptoms of the patient such as a high temperature ( Weinstein, 2003 ) . Blood cultures that are clinically signifi cant are often accompanied by an elevated white cell count providing further evidence that a response to an infection is taking place.
Often, the identity of the micro-organism that grows from a blood culture can provide a clue that the results may or may not represent contamination. However Hall and Lyman (2006) warn that despite the high likelihood that certain organisms usually represent contaminants when isolated from blood cultures it can be diffi cult to determine the likelihood of true bacteraemia. A useful case in point is coagulasenegative staphylococcus, which is a common skin commensal and frequent contaminant of blood cultures ( Ritcher et al. 2002 ) . More recent studies have shown that although the majority of coagulasenegative staphylococcal isolates continue to be contaminants these organisms are an increasing source of true bacteraemia in patients with prosthetic devices and central venous catheters ( Tokars, 2004 ) .
Preventing contamination
It is recommended that a minimum two sets of blood cultures should be taken at separate times from separate sites. The reason for obtaining two or more sets is to help rule out potentially contaminated samples. Whenever possible, blood samples should be taken prior to the commencement of any antimicrobial therapy. However if treatment has already commenced then samples should ideally be taken immediately prior to the next dose, with the exception of paediatric patients (DH, 2007) . If blood samples are to be collected simultaneously for other laboratory tests then blood cultures should always be collected fi rst to minimise the risk of contamination.
There are a multitude of factors that have been identifi ed in the reduction of blood culture contamination. These include the sample site, the use of specifi c antiseptic preparations, the equipment used to obtain the sample, the culture bottle tops, and the technique used to obtain the sample.
Site selection
The location of the blood culture collection site has a signifi cant impact on the potential for a culture to be contaminated. Existing peripheral cannulae or sites above any existing peripheral cannulae must not be used and use of the femoral vein should be avoided because the skin in this area is diffi cult to cleanse and disinfect. Drawing multiple sets of cultures from a single puncture is also unacceptable as this makes interpretation of a positive culture impossible should the culture be contaminated ( Ernst, 2004 ) .
While most samples for blood culture are obtained via the percutaneous route, blood is often obtained from existing intravascular catheters. However, catheter-drawn blood cultures may be positive because of true bacteraemia, catheter colonisation or catheter contamination. Although the use of percutaneously obtained blood samples has been demonstrated to be more sensitive in the diagnosis of bacteraemia in comparison to catheter-drawn samples ( McBryde et al, 2005 ; Norberg et al, 2003 ) paired blood cultures (i.e. from intravascular catheter and percutaneous sample) can be a useful aid to the diagnosis of catheter-related bloodstream infection. In these circumstances the percutaneous sample should be obtained fi rst ( Shore and Sandoe, 2008 ) .
Skin antisepsis
The most common source of contaminated percutaneous blood cultures is often thought to be from the patient's skin at the site where the cultures were taken ( Mylotte and Tayara, 2000 ) . The effectiveness of any antiseptic skin preparation is directly related to the technique of application and length of time it is allowed to remain in contact with the skin before the procedure. The person taking the blood culture should wash their hands before contact with the patient. The patient's skin should be disinfected with a swab impregnated with 2 % chlorhexidine in 70 % isopropyl and must then be allowed time to air dry (DH, 2007) . The use of 2 % chlorhexidine in 70 % isopropyl alcohol was proven to decrease blood culture contamination rates within medical assessment units from 7 % to 2 % ( Madeo and Barlow, 2008 ) . If the vein has been lost, palpating above and below the cleansed area can help relocate the vein. However, clinicians must resist the temptation to re-palpate an aseptically prepared site or indeed cleanse the tip of a gloved fi nger for such purposes. If re-palpation is necessary to relocate the vein then the site must be re-cleansed.
Culture bottles
The rubber stopper on each blood culture bottle is not sterile despite being covered with a cap that requires removal before use. Recommended practice is to remove the caps and clean the tops of the culture bottles using a 2 % chlorhexidine in 70 % isopropyl impregnated swab and allow to dry prior to inoculating the bottle (DH, 2007) .
Sample collection
The choice of equipment for obtaining a percutaneous blood culture should be either a winged blood collection set with appropriate adapter cap (preferred for safety reasons and lower risk of contamination) or a (safety) needle attached to a syringe. The optimum volume of blood to draw from adults is 8-10 ml per bottle. Although volume graduations are usually printed on the label by the manufacturer it may be useful to make a mark on the bottle to indicate the level at which an appropriate volume will have been added. Overfi lling of blood culture bottles can lead to false-positive results irrespective of contamination. This is because the carbon dioxide generated by excessive white blood cells can trigger an alarm in the instrument detectors indicating a positive blood culture ( Ernst, 2004 ) . Conversely, inoculating less blood then the recommended amount increases the risk of false-negative results.
When using a winged blood collection method (with adapter cap) the aerobic blood culture bottle should be inoculated fi rst whereas when using a needle and syringe the anaerobic bottle should be used fi rst to prevent accidental inoculation of air into the system. In the past, it was common practice to change needles on the syringe before injecting the sample into the blood culture bottles. This practice is no longer advocated due to the increased risk of accidental needlestick injury. To reduce this risk further, blood culture bottles should be placed on a stable, fl at surface while transferring blood from a syringe, i.e. not held in the hand while transferring the blood from the syringe. In addition to the above, blood collection adapter caps should only be used for obtaining blood cultures with a winged blood collection set. This is because it is not possible to judge the amount of blood inoculated unless the bottle can be held in a vertical position and there is also the potential for backfl ow of blood culture media into the patient's veins. See Box 1 for suggested blood culture sampling procedure.
Box 1. Procedure for obtaining percutaneous blood-culture samples
Prepare all the required equipment Identify the patient, explain the procedure, and gain verbal consent Wash hands with soap and water and dry Apply a disposable tourniquet (if applicable) Select an appropriate site for venepuncture Clean the site using an applicator containing 2 % chlorhexidine in 70% isopropyl alcohol and allow to air dry. Check expiry date of culture bottles, remove protective caps and clean the tops with the same technique Wash and dry hands again or use alcohol hand rub and apply non-sterile gloves Perform venepuncture without re-palpating the intended puncture site. Use either syringe and needle technique or collect the blood straight into the culture bottles using a winged blood collection device with appropriate adapter cap Collect enough blood so that each bottle contains 8-10 ml blood Remove the tourniquet, discard sharps appropriately, and apply sterile dressing to puncture site Label samples with the patient's details and the time and date of the sample without obscuring or removing the barcode Remove gloves, clean hands, and arrange transport to the microbiology laboratory Record the procedure in the patient's records.
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Education Best practice guidance issued by the DH (2007) states that blood cultures should only be collected by members of staff who have been trained in the procedure and whose competence in blood culture collection has been assessed. Eskira et al (2006) and Dawson et al (2008) demonstrated that providing educational intervention is an important factor in reducing contamination rates. Simple measures such as enclosing advisory leafl ets and providing blood culture kits may also be effective strategies ( Madeo et al, 2005 ) . Providing direct feedback of contamination rates to those who perform blood cultures may increase both ownership and awareness. Reduction in blood-culture contamination rates of up to 50 % have been demonstrated using individual feedback mechanisms ( Gibb, 1997 ) .
Conclusion
Blood cultures remain a valuable diagnostic tool and while blood culture contamination is a complex and challenging problem it is expected that the human and fi nancial costs associated with contaminated cultures can be reduced. A multidisciplinary approach is required along with the need to adopt a variety of strategies such as suffi ciently educating clinicians on the correct techniques, provision of appropriate resources/equipment, and monitoring of contamination rates. By maintaining vigilance with preparation, appropriate utilisation of equipment and sampling techniques and feedback regarding contamination rates it is possible to make the move towards zero false-positives.
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